Abstract
INTRODUCTION
The balance between safety and productivity has become a mandatory aspect to evaluate in modern medicine, specifically when limited resources are present in a surgical unit. The theoretical availability of sophisticated technologies needs to be matched by the ability of the health system to deliver them in a sustainable, equitable and safe manner. By example, efficient cancer referral pathways require prompt diagnosis and definitive treatment within an agreed period of time. Regional thoracic surgery units face a large turnover of patients waiting for major lung resections to accommodate in a limited number of operating sessions.
A careful operating room scheduling must optimize timing and facilities without compromising the quality of care.
In order to increase productivity and meet cancer targets extra theatre sessions and long day sessions have been largely introduced. However, numerous studies have highlighted higher odds of death related to surgery performed towards the end of the working week and after-hours. Most of the studies have focused on acute surgery or on the day of admission, rather than the day of the procedure and have described such worse outcome as 'weekend effect' [1] [2] [3] [4] . This variation could be attributed mainly on two different aspects: admissions and procedures over the weekend involve sicker patients, and/or patients receive inferior quality of care during the weekend.
The early postoperative period is critical for patients' recovery as they are most vulnerable to serious complications [5, 6] . Higher mortality has been observed among patients who had †Presented at the 24th European Conference on General Thoracic Surgery, Naples, Italy, 29 May-1 June 2016. planned admission to the ICU after hours following elective cardiothoracic surgery and a possible explanation could be that late returns of the patients in ICU have followed prolonged surgery started in-hours, or that these admissions may be of patients on whom elective surgical procedures were started at times when a lack of necessary facilities, resources and staff have put the patients at increased risk of death [7] .
The purpose of this study is to evaluate the influence of operating room scheduling (weekdays versus weekends and morning versus afternoon) specifically on the outcome of patients undergoing elective lung resections. Previous studies have analysed different types of surgical procedures, heterogeneous groups with variable definitions. In our study, we included only elective anatomical lung resections thus minimizing the bias related to miscellaneous procedures and mixed population demographics.
METHODS
We performed a retrospective analysis on 420 consecutive patients undergoing anatomical lung resections between April 2014 and November 2015 in our centre. We selected only elective procedures namely lobectomies, pneumonectomies and segmentectomies.
As no elective procedures were carried out on Sunday, we collapsed Friday and Saturday into one category defined as weekend. We considered 12:00 PM the cut-off point between morning and afternoon sessions.
All patients were operated by board certified general thoracic surgeons through a video-assisted thoracic surgery (VATS) approach using 2 or 3 ports according to surgeon preference, or through anterior or posterolateral thoracotomies. The Friday theatre sessions were scheduled according to the consultants' job plan, whereas Saturday sessions were equally distributed between all consultants.
As standard protocol all patients were extubated in the operating room and were transferred to a high dependency unit (HDU) until the following morning. No planned ICU admissions have been requested in our cohort. All patients were managed according to standardized pathways of care including early mobilization, chest physiotherapy and rehabilitation, venous thromboembolic prophylaxis, nutritional needs and pain management.
Pain control was achieved with a combination of paravertebral and intravenous patient-controlled analgesia to maintain the numeric pain score consistently below 4 (in a scale from 0 to 10).
Staffing level in HDU consisted of a ratio 1 skilled nurse per 2 patients and 1 nurse per 8-10 patients in the thoracic surgery ward. This ratio remained unchanged overnight. There was nonresident senior registrar cover overnight.
The study was reviewed by the Research and Innovation Department at Leeds Teaching Hospitals NHS Trust and classified as Service Evaluation therefore not requiring review by an NHS Research Ethics Committee.
Statistical analysis
Two separate analyses were performed to compare several outcomes between weekdays versus weekends and between morning versus afternoon, respectively.
The outcomes of interest were the following: cardiopulmonary complications, major complications, in-hospital mortality and length of stay (LOS). For the purpose of this study the following were included as cardiopulmonary complications: respiratory failure requiring mechanical ventilation, pneumonia, atelectasis requiring bronchoscopy, pulmonary oedema, pulmonary embolism, adult respiratory distress syndrome, atrial arrhythmia requiring pharmacological or electrical cardioversion, acute myocardial ischaemia, acute cardiac failure, stroke and acute renal failure. The above-mentioned complications were prospectively recorded in the institutional database and defined in line with the joint Society of Thoracic Surgeons-European Society of Thoracic Surgeons (STS-ESTS) definitions [8] . As major complications we included those ones graded >2 according to the Thoracic Morbidity and Mortality (TMM) grading system [9] .
To minimize the selection bias in the context of a retrospective non-randomized comparative analysis, propensity score analyses were used [10] . The following variables were used to construct the propensity score: age, gender, forced expiratory volume in 1 s (FEV 1 ), carbon monoxide lung diffusion capacity (DLCO), moderate to severe chronic obstructive pulmonary disease (defined as FEV 1 < 80% and FEV 1 /FVC ratio <0.7), body mass index, Eastern Cooperative Oncology Group score, American Society of Anaesthesiologist score, Charlson comorbidity index, coronary artery disease (CAD), cerebrovascular disease (CVD), diabetes, surgeon, surgical access (VATS versus open) and pneumonectomy. Two propensity scores were developed to estimate the probability of being operated during the week versus weekend or being operated in the morning versus afternoon, respectively. Propensity score case matching yielded two separate matched pairs (weekdays versus weekend and morning versus afternoon). The matched groups were compared in terms of baseline characteristics and surgical outcomes as discussed above.
Standardized difference [effect size (ES)] was used to assess the differences of preoperative variables between the groups. An ES between -0.2 and 0.2 indicates a small clinically irrelevant difference [11] . Standardized difference is less sensitive to sample size compared with P-values and is therefore more appropriate for the adequacy of matching [12] . Postoperative outcomes were finally compared by means of exact McNemar's test or Student's paired t-test. A P-value of 0.05 was considered as significant. The statistical tests were performed on the statistical software Stata 12.0 (Stata Corp, College Station, TX, USA).
RESULTS
In total, 420 patients underwent elective anatomic pulmonary resection from April 2014 till November 2015 (363 lobectomies, 35 pneumonectomies, 22 segmentectomies). A total of 304 (72%) operations were performed by VATS. The baseline characteristics of the population are shown in Table 1 .
In total, 102 (24%) patients developed cardiopulmonary complications and 56 (13%) patients developed major complications according to the TMM system (TMM > 2). The in-hospital mortality rate was 3.1% (13 patients). Table 2 .
Weekday analysis
Propensity matching yielded two well-balanced groups of 92 pairs (weekend versus working days). The two groups were similar in terms of baseline and surgical variables (including the variables which differed in the unadjusted analysis), as shown in Table 3 . The incidence of cardiopulmonary complications was similar in the two groups: 22 patients (24%) in the weekend group (95% CI 16-34) vs 24 patients (26%) in the weekdays group (95% CI 17-36); P = 0.8. In both groups, 14 patients experienced major complications (15%) (95% CI 9-24). Two patients operated on at weekend (95% CI 0.3-8) and 4 operated during the weekdays (95% CI 1.2-11) died in hospital (P = 0.7). LOS was 7 days (SD 8.2) for the weekend group and 7.4 (9.5) days for the patients operated on during the weekdays (P = 0.6).
Time of the day analysis
The breakdown of operation by time of the day was: Morning 259 (62%), Afternoon 161 (38%).
The unmatched comparison of characteristics between patients operated on in the afternoon versus those operated on in the morning is shown in Table 4 .
Propensity matching yielded two well-balanced groups of 161 pairs (morning versus afternoon). The two groups were similar in terms of baseline and surgical variables (including the variables which differed in the unadjusted analysis) as represented in Table 5 . The number of patients who sustained major complications was 19 (11.8%) in the afternoon (95% CI 7-18) and 17 (10.5%) in the morning (95% CI 6-16) (P = 0.9). The number of patients who experienced cardiopulmonary complications was 33 (20%) in the afternoon (95% CI 15-28) and 32 (18.8%) in the morning (95% CI 14-27) (P = 1). Seven patients (4%) operated in the afternoon (95% CI (1.8-8.8) and 4 operated in the morning (2.4%) (95% CI 0.6-6) died in hospital (P = 0.5). LOS was again similar in both groups [afternoon: 7.2 days (SD 8.0) vs morning: 5.8 days (SD 3.7); P = 0.2].
DISCUSSION
As the 'weekend effect' has been highlighted, several studies attempted to investigate this phenomenon. A number of studies have documented a significant increased risk of death for emergency admissions on weekends. This effect has been associated with specific diagnoses and procedures [13] [14] [15] [16] . In regards to surgical mortality for elective procedures, there have been few studies showing higher odds of death after operations performed during the weekend or even on Fridays [1-3, 17, 18] .
An Australian study reported that after-hours and weekend admissions to ICU following elective surgery are associated with increased risk of in-hospital death, with specific consideration on planned admission for elective cardiothoracic procedures [7] . Aylin et al. [19] have found a significant trend towards higher mortality at the end of the working week and weekends compared with Monday for elective lung resections.
Possible explanations for this evidence lay into patient-and hospital-related factors. Common sense dictates that patients admitted and treated over the weekend should be more seriously ill or have lower socioeconomic support compared with their peers undergoing surgery during weekdays.
This assumption has been disputed by Aylin et al. [19] , who found that weekend patients tend to have less comorbidities and lower risk than Monday patients. Furthermore, several studies have failed to connect variable patient characteristics and outcomes even following emergency admissions [20] .
Questions about the quality of care offered during weekends or after-hours have been raised. Despite the availability of acute services round the clock, it is well accepted that elective activity is reduced at night and on weekends. In such scenario, the weekend effect can be explained by reduction of staffing and perhaps specialist services [21] [22] [23] . Additionally, concerns have been raised on surgeon skill mix and seniority at different shifts and weekends [24] .
Recently, in our Department, extra theatre sessions on Saturdays have been introduced, in order to combat the waiting time for cancer patients. During the week, cancellations due to lack of skilled staff and facilities contribute to long waiting times. At the same time, services worldwide exhibit a mounting pressure towards an 'optimized', effective and productive operating room with controlled and financially sound resources.
In our article we grouped Friday sessions into the weekend group mainly for two reasons. First of all it has been shown in several papers that there is a worsening in the outcome of patients being admitted or operated on Fridays for emergency and elective surgery or even for non-surgical conditions [17] [18] [19] 25] . Therefore, we can assume that the weekend effect starts actually on Friday. This findings have pushed to investigate the reasons behind this phenomenon and none of the papers in literature has found them in the patients' characteristics [20] . Thus, the attention has been focused on the quality of services offered by the hospitals and the single units over the weekend [21] [22] [23] [24] and this speculation is at the base of our study. In our unit the theatre and surgical team working throughout the week (including Fridays and weekends) remains composed by the same people, but the patients undergoing surgical procedures on Friday go through the immediate postoperative period during the weekend (which formally starts Friday at 5.00 PM) and they experience the same quality of services compared with the once operated on Saturday and Sunday. The same rationale has been used to compare morning versus afternoon sessions: after-hours the unit and the hospital are staffed at the same level as weekends. It remains challenging to provide timely care alongside quality care. We cannot allow patients' safety to be sacrificed for shorter waiting time or LOS; and balance finances with skeletonized resources. Undoubtedly the 'weekend effect' has caused a proper media storm often translated in unjustified fears and unfair assumptions [26] .
Our study has demonstrated that performing elective lung resections on Fridays and weekends is safe even if those patients operated on the weekend showed a higher proportion of comorbidities. Moreover, we wanted to analyse the outcome of operations carried out in the afternoon, assuming that the level of care overnight is comparable to weekends. We were not able to demonstrate a worse outcome although our patient cohort in the afternoon experienced a larger proportion of high-risk procedures, such as pneumonectomies.
Looking at the medical staffing, most of the Friday lung resections have been performed by a single senior consultant, according to the job plan, and Saturday sessions have been distributed equally between all consultants. A total of 92 (22%) operations, including pneumonectomies, have been carried out on Friday and Saturday showing a homogeneous distribution of major lung resections through the week.
Nursing teams in theatres and the ward remained roughly the same in numbers and skill mix, although we experienced the presence of Agency, Locum staff at night shifts under the supervision of an established senior thoracic nurse.
Limitations
Our conclusions may not be widely applicable being the observations of a single institution and therefore independent investigations are warranted to audit local performance in this context. Nevertheless, this study could stimulate further discussion within single specialties helping to identify surgical procedures suitable for weekend scheduling. Moreover, all the data have been extracted from a clinical database, rather than an administrative source, giving detailed reports on patients' characteristics and comorbidities as well as procedure specifics.
The retrospective and non-randomized nature of the study carries inherent selection bias. We have used a propensity score case-matching analysis to minimize this bias yielding wellbalanced groups for all the variables, including the ones which differed in the unmatched analysis. The use of standardize difference (ES) and confidence intervals adds strength to results in the setting of a relatively small population.
IMPLICATIONS AND CONCLUSIONS
In conclusion, lung resections, in our service do not follow the 'weekend effect', nor a possible 'afternoon effect'.
Continuity of care and appropriate nursing and medical expertise seem to be the key element of good medical practice ensuring the best management of patients and theatres. Surgical pathways are highly context-specific and there is no single set of practice that can be used as model. Nevertheless, an efficient health system should exhibit certain features: distribute interventions to those in need, operate within sustainable financial systems and employ sufficient staff with appropriate skills and motivation.
This study has been performed using the clinical data from a single centre and it could be possible that our unit has some facilities running 24 h/day, 7 days per week which are not present everywhere. On the other hand, we analysed a specific surgical procedure, which perhaps could be less sensible to the reduction in the number of staff and in the tests' availability compared with other procedures. This study represents a template to stimulate similar analyses in other units with the aim to streamline safe surgical scheduling applied to local services.
In our quest for improved efficiency without compromising patient safety, additional studies are required to address the best balance between optimal resources and guaranteed sustainable best outcomes.
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APPENDIX. CONFERENCE DISCUSSION
Dr P.-E. Falcoz (Strasbourg, France): Your study clearly demonstrates that operating room scheduling, weekdays versus weekends or morning versus afternoon, does not affect early outcomes following elective lung resections. To put it another way, operations performed during weekends or with late starts do not show an increased rate of morbidity or mortality. Moreover, your results, albeit based on a single institution retrospective analysis, not only question the socalled 'weekend effect' with presumed worse outcomes, but also dispel the possible 'afternoon effect'.
You shed light on possible explanations for such phenomena, or absence of phenomena, in the discussion section of your manuscript by highlighting two populations: first, the patient-related factors and then the hospital-related factors.
As for patient factors, you clearly show that comorbidities, risk factors and socioeconomic status might be a part of the explanation. More interestingly, I think, you point out some data concerning hospital-related factors: you question the quality of care offered during the weekend or after hours, and you say that maybe the clue to ensuring the best management of patients and theatres is in the underlying question 'should we perform (or not) an operation on a weekend?' Going one step further, you shed light on the opportunity to have a more effective utilization of facilities and human resources while preserving safety.
Finally, your stimulating manuscript helps us to clarify some of the controversies in this area, and its main finding may well have an impact in healthcare management in the near future.
I have two questions for you. First, could you please elaborate a little bit more on the rationale for considering Friday as a weekend day? I understand that it is close to Saturday, but it is not clear to me why in your manuscript you chose this cut-off. Did you perform a subanalysis between the different days of the week? The second question to open the discussion, what are your views and your expectations for the next 10 years in terms of operative scheduling? Do you think planned surgery on Saturday in our era of limited resources will be generalized throughout Europe?
Dr Patella: In regard to the first question, we merged the two days into the same category, considering both Friday and Saturday as weekend, I think mainly for two reasons. First of all, because of the number of patients. Most of the operations in the group Friday/Saturday have actually been performed on Friday. That is because we have two theatre sessions on Friday. So the number of patients wasn't enough to make a separate comparison between Friday and Saturday. And the second and, I think, most important reason is because in the literature it is well described that this 'weekend effect' basically starts on Friday. I have been quite impressed to find out in the literature that even for elective procedures, the Friday really matters. There is a British study highlighting an over 40% rate of death for elective patients operated on a Friday, over 80% more for Saturday, which is amazing. So there is a Friday effect. That's the reason why we grouped the two days into just one category.
In regard to the second question as to what will happen in the future, I need to underline that these are the results from our centre; this is purely a single institution study. I am not entirely sure that these results can be applied to other units, and most probably a multicentre study is needed to investigate this.
But what I do believe is that we really need to keep this discussion in the scientific community and make it very clear that all of us are working for the safety and the best outcome for the patients and leaving the politics and the strict economical stuff outside this discussion.
Dr T. Grodzki (Szczecin, Poland): I would like to suggest that your paper is a little bit provocative, because let's imagine I am the manager of your hospital. If I read this paper, my conclusion is, well, I can reduce the staff, because if the results are the same in the afternoons and on the weekends, why should I keep so many people on board during normal days? That is why it is quite dangerous.
But speaking more seriously, I think that the 'weekend effect' was described years ago when the media and communication were on a different level, the lab tests were less available at the weekends, and now it is a more complicated question. The speed of reaction between the consultant and the nursing staff, availability of more complicated tests on demand and so on, they decide that the afternoon and weekend operations are much safer than they were before. So please be careful with presenting a paper to your managers, okay?
Dr Patella: Yes, I do agree that this is a bit provocative, especially if we take the results out of context. That is why I really think that we need more studies to highlight eventually what is safe and what is not, not just generalize everything and be vulnerable in regard to any decision.
Dr D. Waller (Leicester, UK): You know that in the UK our junior doctors have been going on strike because of the threat of seven-day working. This is a very dangerous paper. You have to be extremely careful about these conclusions. If this goes into the public domain, it will be seized upon by the nonmedical managers. I really do counsel you to be very careful about your discussion in this paper, because it isn't as straightforward as you outline. There are many other factors. Could you outline how you will avoid making this conclusion? Can you tell me what you will put in the discussion to counteract this obvious conclusion that we should be working seven days a week?
Dr Patella: Honestly, I didn't make any implications in regards to how many days we should work as regular working days, but I really appreciate that this is a tricky paper; the conclusions are very important. But we need to just really focus on the fact that this is a single institution study. So from our point of view we need to analyse whether this is just the case in our unit perhaps because we have some facilities available 24 h a day or seven days a week which are not necessarily present elsewhere. I am not saying that it can be applied worldwide.
So I think this is a step, possibly a provocative step, but I am not giving a solution. Basically I am not providing plans to organize other units. I think that is out of this discussion. But I appreciate your comment. Scan to your mobile or go to http://www.oxfordjournals.org/page/6153/1 to search for the presentation on the EACTS library
